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than in human serum (16).
This present work was based on the hy-
pothesis that an allergic, contact, antigen-
antibody reaction or a strong topical irritant
disrupts the single membrane bound subeellu-
lar organelle (the lysosome) releasing pro-
teolytic enzymes (including acid phosphatase)
and that these enzymes and possibly other ly-
sosomal contents including cationic proteins
(19) may account for the pathological changes
seen clinically. Acid phosphatase staining has
been used extensively as a bistochemical
marker for lysosomes (8—10, 13). This work
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A total of 22 female albino guinea pigs each
weighing 350—500 g were used (breeders of this
strain were obtained from Dr. M. M. Rabstein,
Fort Detriek, Md.). To determine the primary
irritant reaction to a sensitizing chemical, four of
the animals were clipped on both flanks with elec-
tric clippers and 02 ml of 1-chloro-2 ,4-dinitroben-
zene (DNCB) (Eastman Organic Chemicals) in
100% acetone was applied to six areas of 4 sq cth
each. The concentration of DNCB was distinct for
each animal, namely 10%, 1%, 0.1%, and 0.01%(w/v). Biopsies, using a 6 mm punch without
anesthesia, were taken at 0, 1, 2, 4, 6, and 12 hours
after application of DNCB. All biopsies were
rapidly frozen with acetone-dry ice and stained
for acid phosphatase by Burstone's method (23)
and with hematoxylin-eosin. Subsequently, 8 such
guinea pigs were treated similarly in pairs to 10%
and 5% DNCB in acetone with and without
squalene (Fisher Chemicals) application and stud-
ied at 0, 4, and 12 hours for enzyme staining as
described below.
Five of the animals were sensitized after the
method of Baer (24) using 0.1 ml of a 30% DNCB
in acetone solution (w/v) to the electrically
clipped nape of the neck. After six days, both
flanks of each animal were electrically clipped and
three of the animals received topical application
of 98% squalene with a glass rod applicator on
eight of the subsequent nine days. Multiple ap-
plications of squalene have been shown to produce
acanthosis (24) which facilitates the observation
of enzyme staining. Twenty-one days after the
sensitizing application of DNCB, all five of the
guinea pigs were challenged each in six measured
areas of 4 sq cm with 02 ml of 0.1% DNCB in
acetone and one biopsy was taken from each area
at 0, 2, 4, 8, 12, and 24 hours for frozen section
staining for acid phosphatase by Burstone's method
(23), lactate dehydrogenase by the method of
Barka (25), and succinate dehydrogenase by the
method of Nachlas (26), and hematoxylin-eosin.
Subsequently, four such guinea pigs were treated
similarly with biopsies taken at 0 and 12 hours
only. One animal was further studied at 48, 72,
and 168 hours. Control sections from topical appli-
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describes the histochemical changes in acid
phosphatase staining in primary irritant and
allergic, contact reactions compared with
staining for succinate dehydrogenase and lactate
dehydrogenase which are mitochondrial and/or
cytoplasmic enzymes (20—22).
INTaODDcTION
The role of lysosomes in the pathogenesis of
a variety of disease processes is a rapidly ex-
panding area of study (1). Their participa-
tion in such entities as lupus erythematosus
(2), rheumatoid arthritis (1, 3—6), atopic
dermatitis (7), and light eruptions (5, 9),
though not proved beyond doubt, lends itself
to what may be a most fruitful area of clini-
cal research.
Many investigators have studied the lyso-
some in epidermis electron microscopically
(7, 10, 12), histoehemicaliy (8, 9, 11, 13), and
biochemically (14—18). In recent studies Alli-
son et al have implicated the lysosome in
photosensitization, observing the concentra-
tion of classical photosensitizing agents in
lysosomes with subsequent release of lytic
enzymes (9). Smith and co-workers have re-
ported higher levels of lysosomal and nonlyso-
somal enzymes in cantharidin-induced blisters
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cation of acetone without DNCB were obtained
in one animal. A total of 336 histologic sections
were studied.
RESULTS
A. DNCB as a Fri mary Irritant
In the unsensitized guinea pig, 10% DNCB
acted as a primary irritant. Biopsy two hours
after application revealed slight basalar and
suprabasalar intracellular edema in the epi-
dermis. At four hours, intracellular and inter-
cellular edema were generalized and noted
from the basal layer to the granular layer. At
six hours, intraepidermal and subepidermal
vesiculation were noted. With vesicular sep-
aration of the epidermis from the dermis,
small, individual clumps of epithelial cells
were present in the vesicle. By twelve hours,
very marked intracellular edema with inter-
cellular edema and vesiculation were present.
True acantholysis was seen on one section at
4 hours and by 12 hours was seen on several sec-
tions. A decrease in acid phosphatase staining
was apparent by four hours; at twelve hours
there was diffuse less of staining throughout
the epidermis.
In the unsensitized guinea pig, 5% DNCB
acted as a primary irritant. At 12 hours, the
changes both on hematoxylin-eosin and acid
phosphatase paralleled the 4 hour sections us-
ing 10% DNCB.
In the unsensitized guinea pig, 1% IDNCB
produced minimal intercellular edema at the
basal layer at 6 hours. By twelve hours, in-
tercellular and intracellular edema were ap-
parent, especially in the middle and upper
portions of the Malpighian layer. No loss of
acid phosphatase staining was noted until
twelve hours after application. Application of
0.1% DNCB produced occasional swelling of
individual cells in the Malpighian layer, but
only on the biopsies taken at six and twelve
hours. No loss of acid phosphatase staining
was noted. Application of 0.01% DNCB gave
no detectable histologic abnormality.
Staining for lactate dehydrogenase and sue-
cinate dehydrogenase (nonlysosomal enzymes)
revealed variable but slight loss of staining 12
hours after application of 10% DNCB; lower
concentrations of DNCB had no consistent in-
fluence on the amount of staining for these en-
zymes.
B. DNCB as an Allergen
All guinea pigs challenged three weeks after
cutaneous application of 30% DNCB (sensi-
tizing application) developed clinical evi-
dence of allergic contact dermatitis to the non-
irritating strength of 0.1% DNCB.
The earliest significant histologic changes
were noted at four hours when intracellular
edema was apparent in the lower granular
layer and middle to upper portions of the Mal-
pighian layer. Minimal cxoeytosis, predomi-
nantly lymphocytic, was also noted at four
hours. By eight hours intracellular edema was
noted from the basal layer through the granu-
lar layer being most intense in the midpor-
tion of the Malpighian layer. At twelve hours,
intracellular edema was more intense and
microvesiculation was noted in the upper
Malpighian and granular layers. At 24 hours,
the significant changes from the twelve hour
biopsy included isolation of groups or indi-
vidual epidermal cells within vesicular con-
tents (but not true acantholysis) and marked
increase in dermal and epidermal cxocytosis.
Exocytosis was progressively increased after
four hours and remained predominantly mono-
nuclear in character. Biopsies obtained at 48,
72, and 168 hours showed progressive return
to normal histology. Application of acetone
alone produced no histologic alteration.
Loss of staining for acid phosphatase was
first significant at four hours. The loss was
particularly marked in the basal, Malpighian,
and lower granular layers—the stratum cor-
neum and epidermal appendages having vari-
able but usually more intense staining. There
was greater loss by eight hours and even more
by twelve hours. At 24 hours, the results were
somewhat variable.
Guinea pigs not treated with squalene
showed histologic changes similar to the
treated animals; however, the Malpighian
layer being much thinner, there was greater
difficulty in discerning variations in histo-
chemical staining.
Staining for lactate dehydrogenase and sue-
cinate dehydrogenase (nonlysosomal enzymes)
revealed variable but slight quantitative loss
of staining at all of the noted time inter-
vals beyond 4 hours. Intracellular edema was
readily observable. Therefore, the staining was
less concentrated but the quantity of staining
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TABLE I
Biopsy time
(hours)
Group A
Squalene-
treated
Group B
not treated
with squalene
Group C
Squaleoe
treated,
observers
instructed
0 29 26 34
2 29 20 30
4 17 25 12
8 14 11 18
12 14 16 11
24 23 28 21
Acid phosphatase staining from time 0 to 24
hours in allergic contact dermatitis. Six observers
graded each of six slides in Groups A, B, and C
with a number from one to six assigned on the
basis of least to greatest amount of stainiog ob-
served.
TABLE II
Number
"properly" rated
among top 3
Group A Group B Group C
3
2
1
0
1
5
0
0
0
6
0
0
0
6
0
0
Acid phosphatase staining—correlation of the
ratings of six observers with the presumed three
most heavily stained slides of each group.
appeared the same or only minimally de-
creased from the basal layer to the granular
layer.
The evaluation of histologic sections being
subjective, it seemed appropriate to subject
the results to a ranking by disinterested
judges in a single blind fashion. Six resi-
dents in dermatology were asked to rank the
sections in the order of amount of acid phos-
phatase staining. Their ratings were assigned
a number one to six from least to greatest
staining. The results (Table I) are a sum-
mation of the six independent ratings. To
analyze the ability of these observers to
separate the more heavily stained from the
less stained sections, the hypothesis that the
greatest staining was present at time 0, 2, and
4 hours (and the least staining at 8, 12, and 24
hours) allowed a division of the 6 slides in
each group. That is, how many of the three
slides presumed to have the greatest staining
were indeed rated as such (see Table II). Two
months later and after considerable time-re-
lated "blanching" of the shdes, the judges were
instructed (Tables I and II, Group C) to re-
gard only the amount of acid phosphatase
staining "from the basal layer to the granular
layer" (disregarding stratum corneum and ap-
pendageal staining) and to rank the six sec-
tions of Group A (Tables I and II) again.
While no observer (in Group C) chose all three
of the presumed most heavily stained sections,
all chose at least two of the three and there was
a greater coefficient of concordance, that
is, a greater measure of agreement in the rank-
ings than when the sections were observed
without instruction (as in Group A) (27). The
random chance that six observers would rate
the slides of any one of Groups A, B, or C
this accurately was small (.01 < p < .02).
COMMENT
The work of dcDuve (28) and Weissmann
(1) has adequately shown that physical as
well as chemical agents can labilize lysosomcs
with release of their enzymes. Primary irri-
tant and allergic contact reactions are often
indistinguishable clinically and it seems
plausible that the mechanism of vesiculation
and other pathologic changes may have a com-
mon basis. The loss of staining of a lysosomal
marker such as acid phosphatasc lends cre-
dence to the implication of lysosomes in the
mechanism of vesiculation, and more spe-
cifically, to the implication of lysosomcs in the
pathophysiology of contact dermatitis. As a
primary irritant, this may result from physi-
cal and/or chemical alterations of the lyso-
some. In allergic contact dermatitis, one might
speculate that the antigen-antibody reaction
occurs on or adjacent to the lysosomal membrane
causing its disruption. It is of interest that
Weissmann has localized antigenic macro-
molecules within subgroups of lysosomes and
further suggested that the lysosomc may be
the site of antigen degradation (29).
The speculation of an etiologic role for
lysosomal enzymes in bullous dermatoscs is
quite plausible. It should be noted, however,
that Janoff and Zweifach found inflammation-
inducing cationic proteins associated with
leukocyte lysosomes that did not have sig-
nificant enzymatic activity (19). This sug-
gests that non-enzymatic proteins from labi-
lized lysosomcs are of pathogenic significance.
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Concerning the histochemical differentia-
tion of allergic contact from primary irritant
dermatitis, two distinguishing points stand
out: 1) there is a greater exocytosis in the
dermis and epidermis in the allergic type: 2)
the area of initial intracellular edema is in the
middle portion of the Malpighian layer in the
allergic type rather than at the basal layer.
It is interesting to note (Table I) that the
24 hour biopsy is ranked consistently higher
than the 4, 8, and 12 hour specimens. This
would suggest a return toward normal acid
phosphatase staining between 12 and 24 hours
in allergic contact dermatitis secondary to
DNCB.
The time of onset of observable histologic
change is a function of irritant strength.
This differs from the implication of Fisher
and Cook that the allergic type is more rapid
in onset (30). They used as an irritant 2%
to 5% DNCB in olive oil. Bacr et al using a
severe irritant (1:4 strength cantharides tinc-
ture) reported profound changes one hour af-
ter application (24).
Burk and Smith (31) using cantharidin as
a primary irritant demonstrated histochcmi-
cally in the epidermis of guinea pig cars
greater and more rapid loss of acid phos-
phatase than lactate dchydrogenase and sue-
cinate debydrogenase. Moderate diminution of
acid phosphatasc was noted at 4—6 hours while
lactate dchydrogcnasc and succinate dehydro-
gcnasc were not reduced until 8—10 hours after
application of 0.5% cantharidin. Stoughton
and Bagatell demonstrated inhibition of acan-
tholysis in cantharidin-induced blisters by pre-
treatment with corticosteroids (32) which arc
known inhibitors of lysosome labilization (1).
This study suggests a possible role for ly-
sosomcs in the pathogenesis of contact der-
matitis. Whether lysosomal disruption may in
time be further implicated in the pathogcne-
sis of other vesiculobullous dermatoses is
speculative, but certainly merits thorough in-
vestigation. As more is gained from the stud-
ies on pharmacologically stabilizing the lyso-
some from rupture, a more knowledgeable
therapeutic approach may be provided the pa-
tient with vcsiculohullous disease.
SUMMARY
Primary irritant and allergic contact der-
matitis have been studied from 336 histologic
sections from DNCB treated adult albino
guinea pigs. The histologic changes and the
differences in the two are described. Diminu-
tion in stainable acid phosphatasc (a lyso-
somal enzyme) with concomitant relative re-
tention of staining for nonlysosomal enzymes
lends credence to the hypothesis that these
skin reactions involve a disruption of lyso-
somcs. The observation of acid phosphatase
staining in allergic contact dermatitis was
subjected to a single blind analysis by six
dermatology residents confirming (.01 < p <
.02) the loss of acid phosphatase staining up
to 12 hours after a challenge application of
DNCB. This is the first report relating the
pathogenesis of both primary irritant and
allergic contact dermatitis to lysosomal dis-
ruption. It is suggested the same mechanism
may be significant in the pathogcnesis of the
other vesiculobullous dcrmatcscs.
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